MetS and Carotid Artery Parameters
dwelling elders. Among 17,670 eligible subjects aged 50 years and older who resided in the Dong-gu district of Gwangju Metropolitan City, South Korea, 4,302 subjects were enrolled. The response rate for this study was 24.3% (19.9% for men, 27.9% for women). To compare the findings in MetS to absolutely normal subjects, subjects with overt hypertension, diabetes, and dyslipidemia were excluded from the analysis. This study was conducted in accordance with the Declaration of Helsinki guidelines. The study protocol was approved by the Institutional Review Board of Chonnam National University Hospital, and informed consent was given by each subject.
Physical Examination
All participants underwent a standardized physical examination performed by well-trained examiners. Height, weight, and waist and hip circumferences were measured while participants were lightly dressed without shoes. Height and waist and hip circumferences were measured to the nearest 0.1 cm, and weight to the nearest 0.1 kg. Body mass index was calculated by dividing weight (in kilograms) by height squared (in meters squared). Waist circumference was measured to the nearest 0.1 cm at the midpoint between the lower border of the rib cage and the upper hip bone during expiration.
Blood pressure was measured in the right upper arm using a mercury sphygmomanometer (Baumanometer; WA Baum Co, Inc, Copiague, NY, USA) with an appropriately sized cuff after subjects rested at least 5 min while seated. The first appearance (phase I) and disappearance (phase V) of Korotkoff's sounds were used to define the systolic and diastolic blood pressures, which were read to the nearest 2 mmHg. Three consecutive measurements of systolic and diastolic blood pressures were performed at 1-min intervals, and the average was used in the analysis.
Biochemical Laboratory Assessment
Blood samples were drawn from an antecubital vein in the morning after a 12-h overnight fast. Serum was separated within 30 min and stored at -70°C until analyzed. Serum total cholesterol, high-density lipoprotein-cholesterol (HDL-C), triglycerides, and fasting blood glucose levels were measured using enzymatic methods. All samples were analyzed using an automatic analyzer (model 7600 chemical analyzer; Hitachi Ltd, Tokyo, Japan).
Carotid Ultrasonography
To evaluate carotid artery structure, 2 experienced examiners who were unaware of each subject's medical information used a high-resolution B-mode ultrasound (SONOACE 9900; Medison, Seoul, Korea) equipped with a 7.5-MHz linear array transducer to examine the following parameters: CCA-IMT, carotid plaques, and CCAd. The examiners evaluated the CCA with a standard protocol for measuring IMT and arterial diameter. Using SigmaScan Pro, version 5.0.0 (SPSS Inc, Chicago, IL, USA), a single trained reader analyzed the still images according to the standardized protocol. IMT was measured as the distance from the media-adventitia interface to the intima-lumen interface on the far wall, because of its high degree of clarity and reliability. Between the carotid bulb origin and a point 10 mm proximal to the CCA on the longitudinal view, the maximal IMT value in a region free of plaques was measured in both carotid arteries. CCA-IMT was defined as the mean IMT value of the left and right common carotid arteries. 16 Abnormal CCA-IMT was defined as CCA-IMT ≥1.00 mm. 17, 18 The reader also assessed the presence of carotid plaques, defined as focal structures that encroached into the lumen by at least 100% of the surrounding IMT value. The presence of carotid plaques was determined from the scans of all carotid artery segments (common, bulb, and internal carotid artery). The presence of carotid plaques was recorded if at least 1 lesion was detected in any segment of both carotid arteries. CCAd was defined as the distance between the near wall peri-adventitia-to-adventitia interface and the far wall adventitia-to-peri-adventitia interface at a point 10 mm proximal to the beginning of the dilation of the carotid bulb (origin) in a longitudinal view. High CCAd was defined as the 5th quintile of CCAd because of the absence of standard values. Two ultrasonography technicians conducted repeated ultrasound examinations in 189 subjects to ensure measurement reproducibility. The correlation coefficients for between-and within-examiner variability were 0.86 and 0.90, respectively, for IMT and 0.87 and 0.95, respectively, for CCAd. The kappa coefficients were 0.76 for betweenexaminer agreement and 0.85 for within-examiner agreement for carotid plaques.
Interview
Information on each subject's medical history and lifestyle characteristics was obtained using standardized questionnaires. Smoking status was classified as non-smoker, former smoker, and current smoker. Alcohol intake was divided into 5 categories on the basis of daily alcohol consumption (none, 0.1-10.0 g, 10.1-20.0 g, 20.1-40.0 g, >40.0 g).
Definition of MetS
According to the updated version of the NCEP-ATP III proposed by the American Heart Association/National Heart, Lung, and Blood Institute 19 and the Korean Society for the Study of Obesity, 20 MetS was identified by the presence of 3 or more of the following 5 conditions: abdominal obesity (waist circumference ≥90 cm for men, ≥85 cm for women), hypertriglyceridemia (≥150 mg/dl), low HDL-C (<40 mg/dl for men, <50 mg/dl for women), high blood pressure (systolic ≥130 mmHg and/or diastolic ≥85 mmHg), and elevated fasting glucose (≥100 mg/dl). 21 To compare findings in MetS to absolutely-normal subjects, subjects with overt hypertension (systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90 mmHg and/or current use of medication for hypertension), diabetes (fasting blood glucose ≥126 mg/dl and/or current use of medication for hyperglycemia), and dyslipidemia (total cholesterol ≥240 mg/dl and/or use of medication for dyslipidemia) were excluded from the analysis.
Statistical Analyses
Differences in the characteristics of the subjects with and without MetS were compared using Student's t-test for continuous variables and the chi-square test for categorical variables. Analysis of variance was used to assess differences in the CCA-IMT and CCAd of subjects according to the presence of MetS and the number of its components. The chi-square test was used to evaluate differences in the prevalence of carotid plaques among the subjects according to the presence of MetS and the number of its components. General linear model analysis was used to evaluate differences in CCA-IMT and CCAd between subjects with and without MetS after controlling for age, sex, smoking status, alcohol intake, and total cholesterol. Independent associations between MetS and abnormal CCA-IMT, carotid plaques, and high CCAd were analyzed using multiple logistic regression after adjusting for relevant covariates. To evaluate sex differences in MetS with carotid artery parameters, we performed additional LEE YH et al.
separate analyses for men and women. The odds ratio (OR) is presented, with 95% confidence interval (CI). All statistical analyses were performed using the SPSS 15.0 software package (SPSS Inc, Chicago, IL, USA).
Results

Subjects' Characteristics and the Prevalence of MetS
We excluded 214 subjects from the analysis because of missing information about their physical examination, laboratory assessments or interview, or because of poor ultrasonographic images of their carotid arteries. Additionally, subjects with hypertension, diabetes, and dyslipidemia (2,358 participants) were excluded. Therefore, 1730 subjects were included in the analysis. Table 1 shows the clinical and biochemical characteristics of the study population according to the presence of MetS. We found significant differences between subjects with and without MetS in terms of body mass index, waist circumference, systolic blood pressure, diastolic blood pres- CCA-IMT, common carotid artery intima-media thickness; CCAd, diameter of the common carotid artery. Other abbreviation see in Table 1 .
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sure, fasting glucose, triglycerides, and HDL-C in both sexes. Of the 1,730 subjects analyzed, 634 (36.6%) were men and 1,096 (63.4%) were women. According to the modified NCEP-ATP III criteria, MetS was present in 25.0% (432/ 1,730) of the study population: 15.3% (97/634) of men and 30.6% (335/1,096) of women (P<0.001). Among the men, elevated fasting glucose was the most common MetS component (53.8%), followed by abdominal obesity (25.7%), hypertriglyceridemia (25.4%), low HDL-C (19.6%), and high blood pressure (13.6%). Among the women, abdominal obesity, as determined by waist circumference, was the most common MetS component (72.4%), followed by low HDL-C (45.2%), elevated fasting glucose (35.6%), hypertriglyceridemia (27.5%) and high blood pressure (12.3%). Significant differences were observed between men and women in abdominal obesity, elevated fasting glucose, and low HDL-C (data not shown).
CCA-IMT, CCAd, and Carotid Plaque According to MetS
CCA-IMT was significantly greater in women with MetS (P< 0.001), but not in men (P=0.336). CCAd was significantly greater in subjects with MetS than in those without among both men and women (Ps<0.001). Additionally, significant increasing trends of CCA-IMT and CCAd were observed with increasing numbers of MetS components in both sexes ( Table 2) . Table 3 shows that there were significantly more carotid plaques in women with MetS compared with controls (P=0.011), but not in men with MetS (P=0.949). The linear trend of carotid plaques with increasing numbers of MetS components was borderline significant only in women (P=0.054). Table 4 shows the differences in CCA-IMT and CCAd between subjects with and without MetS. The adjusted difference (mean ± standard error) of CCA-IMT between subjects with and without MetS was 0.025±0.007 mm (P<0.001) in all subjects, 0.017±0.014 mm in men (P=0.233), and 0.030± 0.008 mm in women (P<0.001). The adjusted difference in CCAd was 0.241±0.038 mm (P<0.001). Significant adjusted differences in CCAd were observed in both men (0.330± 0.084 mm) and women (0.184±0.040 mm; Ps<0.001).
Abnormal CCA-IMT, Carotid Plaque, and High CCAd According to MetS
The relationships between MetS and each of the carotid artery parameters by multiple logistic regression analysis are shown in Table 5 . Compared with subjects without MetS, the adjusted ORs of MetS for abnormal CCA-IMT and carotid plaques were 1.69 (95%CI 1.00-2.87) and 1.21 (95%CI 0.92-1.59) in all subjects, respectively, after age, sex, smoking status, alcohol intake, and total cholesterol were controlled. The relationship between MetS and abnormal CCA-IMT was significant in women (OR 2.22; 95%CI 1.14-4.31), but not in men (OR 1.06; 95%CI 0.39-2.91) after adjustment for covariates. However, no significant association between MetS and carotid plaques was observed in either sex. The adjusted OR of MetS for high CCAd was 2.17 (95%CI 1.63- 
Discussion
The definition of MetS used in the present study is based on criteria originally proposed by NCEP-ATP III in 2001. However, we adjusted the criteria of MetS components in terms of abdominal obesity and hyperglycemia. Because Asians have a higher risk for cardiovascular disease and body fat deposition compared with Caucasians of the same body mass index or waist circumference, using MetS criteria without considering ethnic differences results in an underestimation of the frequency of MetS and cardiovascular risks in Asians. 14, 15 The appropriate waist circumference cut-off point for abdominal obesity in Koreans for predicting increased cardiovascular risks was suggested to be 90 cm for men and 85 cm for women. 20 In 2003, the American Diabetes Association suggested that the cut-off point for impaired fasting glucose be reduced from 110 mg/dl to 100 mg/dl, because using a cut-off point of 100 mg/dl optimizes the sensitivity and specificity for predicting future diabetes. 21 In this population-based observational study of subjects aged 50 years and older, the prevalence of MetS as defined by our modified NCEP-ATP III criteria was 25.0% (15.3% in men, 30.6% in women). Applying the cut-off value of 80 cm for the diagnosis of abdominal obesity proposed by the Asia-Pacific waist circumference guidelines, 22 we found that the prevalence of MetS in women increased from 25.0% to 27.7%. In an epidemiological study of a nationally representative sample of subjects in Korea (aged 20-79 years), the age-adjusted prevalence of MetS using the criteria proposed by the NCEP-ATP III was estimated to be 14.2% for men and 17.7% for women, 23 although abdominal obesity was defined as a waist circumference >102 cm for men and >88 cm for women. A study of the same population adopting the International Diabetes Federation criteria suggested that the age-adjusted prevalence of MetS was 13.5% in men and 15.0% in women. The prevalence of MetS among women in the present study was approximately two-fold higher than in the previous reports. However, direct comparison of the prevalence of MetS between studies is difficult because of differences in population composition and MetS criteria.
Many risk factors are associated with carotid atherosclerosis, and several epidemiological studies have demonstrated that MetS is an independent risk factor for carotid atherosclerosis. 7-10,24,25 Consistent with previous findings, this study found that CCA-IMT was significantly greater in subjects with MetS than in those without. Furthermore, the results of our study are consistent with those of previous studies that have found a trend toward increased CCA-IMT with increasing numbers of components of MetS. 26, 27 Pollex et al reported that carotid IMT was significantly higher in subjects with MetS than in those without after adjusting for age and sex. 26 Additionally, a significant trend toward increased IMT with increasing numbers of MetS components has been reported. 26 The ARIC Study found that MetS significantly correlated with increased IMT after adjusting for age, sex, and race. 25 The Three-City Study of 5,585 French subjects aged 65-85 years found a significant relationship between MetS and CCA-IMT. 27 Additionally, MetS was significantly associated with a higher frequency of increased CCA-IMT (upper quintile) and carotid plaques. 27 In a recent multi-ethnic study, participants with MetS had greater carotid IMT than participants without MetS. 28 In a Finnish population-based study of subjects aged 45 years and older, MetS was an independent determinant of carotid IMT in both sexes. 29 Hassinen et al reported that a higher carotid IMT was associated with MetS at the baseline examination in a population-based sample of 101 elderly women and also demonstrated that MetS could predict the progression of carotid IMT in a 12-year followup. 30 In contrast, in a cross-sectional study of 5,661 Japanese subjects, MetS was not found to be an independent risk factor for either carotid IMT or carotid plaques after adjusting for age and other cardiovascular risk factors. 31 The prevalence of carotid plaques in our study was significantly higher in men (37.9%) than in women (16.3%). Epidemiological studies have reported that the prevalence of carotid plaques is higher in men than in women. 32, 33 In our study the frequency of carotid plaques was significantly higher in subjects with MetS compared with in those without MetS only in women. There are various methods for measuring and defining plaques; however, there are no standard criteria for carotid ultrasound traits. A consensus on standard methods of measurement of carotid IMT and plaques was recently reported, but that definition of carotid plaques has not yet been widely used. 34 In this study, carotid plaques was defined as a focal structure that encroached into the lumen by at least 100% of the surrounding IMT value.
The results of our study agree with previous studies show- One issue is whether sex differences exist in the relationship between MetS and carotid atherosclerosis. A few observational studies have shown that the effects of MetS on early atherosclerosis are more pronounced in women than in men. 8, 37 Iglseder et al, in a study of 1,001 male and 587 female community subjects, showed that the effect of MetS on early atherosclerosis was more pronounced in women than in men. 8 Kawamoto et al studied 388 male and 480 female inpatients and reported that the effect of MetS on early atherosclerosis was remarkable only in women. 37 A possible mechanism for these findings is the influence of sex hormones. 38 The atheroprotective effect in women after menopause may be lost in the presence of MetS. Estrogen deficiency may be involved in the pathogenesis of cardiovascular complications in elderly, postmenopausal women. 39 The protective effect on the cardiovascular system of normal physiological estrogen, which is converted from testosterone, has been established in elderly men. 40 Because changes in sex hormones might alter the pathogenesis of cardiovascular diseases in both sexes, endogenous sex hormone concentrations in men and women should be examined to precisely analyze sex differences in the relationship between MetS and early atherosclerosis. 39 However, sex differences in the relationship between MetS and carotid atherosclerosis have not always been observed. Empana et al in a study of 2,124 elderly men and 3,461 elderly women, observed independent relationships between MetS and carotid plaques, but no sex difference was found (OR 1.34, 95%CI 1.01-1.78 for men; OR 1.32, 95%CI 1.06-1.66 for women). 27 Additionally, MetS was associated with a high CCA-IMT (IMT ≥0.81 mm) in men and women (OR 1.51, 95%CI 1.12-2.03 for men; OR 1.43, 95%CI 1.09-1.87, for women). In the present study, MetS was significantly correlated with carotid IMT only in women after we adjusted for age, smoking status, alcohol intake, and total cholesterol, consistent with previous studies. 8, 37 Sex differences in the relationship between MetS and carotid IMT were observed in our study. To our knowledge, only 2 reported studies have used carotid IMT and carotid plaques to evaluate sex differences in the association of MetS with carotid atherosclerosis. 8, 27 Iglseder et al found sex differences in both carotid IMT and carotid plaques, but Empana et al did not. The present study examined sex differences in the association between MetS and carotid IMT, but not in the association between MetS and carotid plaques. We believe that this discrepancy may be partially explained by differences in the histological features and stage of atherosclerotic progression between carotid IMT and plaques. Although carotid IMT and carotid plaques are commonly related with subclinical atherosclerosis, brain ischemia, and ischemic heart disease, the pathologic characteristics, natural history, pattern of risk factors and the prediction of cardiovascular events are different for carotid IMT and carotid plaques. 34 It has been suggested that the intima-media layer thickens at the early stages of atherosclerosis in response to lipid deposits and high blood pressure. [41] [42] [43] Plaque is formed by inflammation, oxidation, and endothelial dysfunction as a late response compared with thickening of the intimamedia. [44] [45] [46] [47] [48] When the entire study population (4,088), including subjects with hypertension, diabetes, and dyslipidemia, were included in the analysis, the relationship between MetS and carotid plaques was significant in both men (OR 1.45, 95%CI 1.16-1.81) and women (OR 1.65, 95%CI 1.36-1.99). Additional prospective investigations are needed to further examine the sex differences in the relationship between MetS and subclinical atherosclerosis.
Study Limitations
First, the study design was cross-sectional, so caution should be exercised in any causal interpretation of MetS and the carotid artery parameters. Additionally, longitudinal effects of MetS on the progression of carotid artery structure were not evaluated. A second limitation of our study is the low response rate (24.3%) of the residents of the study area, despite numerous attempts at telephone contact to request participation. The response rate of this study was lower than that reported in other studies. It is possible that a low response rate does not reflect the actual health status of the entire population. Third, although this study used the presence of carotid plaques as an outcome variable, more precise analyses must use characteristics of plaques (eg, volume, height, and echogenicity) rather than merely the presence of plaques as an outcome.
In conclusion, the results of this population-based study suggests that MetS, as defined by modified NCEP-ATP III criteria, is independently correlated with carotid atherosclerosis and carotid enlargement. The relationship between MetS and CCA-IMT was significant only in women, suggesting sex differences. Additional prospective investigations are needed to further examine the presence of such differences in the relationship between MetS and subclinical atherosclerosis.
